The Natividade-Cavalcanti crustal block is a Paleoproterozoic sialic terrain which forms the basement of sedimentary sequences belonging to the Neoproterozoic Brasília Belt in central Brazil. Two main domains were recognized in this crustal block, the limits of which are not well constrained due to the lack of geological maps at an appropriate scale. The northeastern domain is characterized by narrow supracrustal belts which wrap around gneiss domes. At least three rock-forming events are recorded in the calc-alkaline, metaluminous basement gneisses of this domain: (i) in the Almas-Dianópolis area, granitoids were dated at c. 2.2 Ga, (ii) early Paleoproterozoic magmatism was dated at c. 2.3-2.4 Ga in the Natividade-Conceiç ão do Tocantins area, and (iii) younger additions were dated at 2144 ± 21 Ma. T DM model ages range between 2.24 and 3.11 Ga, and ε Nd (t) values range from +2 to close to zero, suggesting juvenile sources. Bordering this domain west-and southwards, extending from Cavalcante to Arraias, Paranã and Pindorama do Tocantins, mostly peraluminous granitoids of the Aurumina Suite are exposed. Geochronological data for Aurumina granitoid rocks of this sector point to magmatic events between 2.13 and 2.18 Ga, whereas T DM model ages range between 2.21 and 2.92 Ga with generally negative ε Nd (t) values. An exception is a largely undeformed tonalite sample from close to Arraias, dated at 2042 ± 12 Ma.
Introduction
The growth of continental crust during Earth's history has been associated to successive events of juvenile crust formation, followed by periods of landmass stabilization and cratonization, leading to the formation of supercontinents. The accretion and subsequent stabilization events are followed by rifting, breakup and dispersion of the supercontinents, as the result of superplumes, leading to the development of Large Igneous Provinces (LIPs). The concept of Precambrian supercontinents cycles arises, in part, from global peaks of isotopic ages associated with the development of rock associations related to arc systems. Models of crustal growth during the Paleoproterozoic have considered the episodicity of crust formation events at c. 2.0, 1.9 and 1.8 Ga (Condie et al., 2000; Condie, 2002; Reddy and Evans, 2009; Condie and Aster, 2010; Evans and Mitchell, 2011) . Several names have been suggested for the resulting Paleoproterozoic continental assemblages (Columbia, Atlantica, Nuna; Unrug, 1996; Rogers and Santosh, 2002; Zhao et al., 2006; Evans and Mitchell, 2011) . These supercontinents reconstructions are based on craton juxtaposition, using integrated paleomagnetic, geochronologic and geologic data. However, all supercontinents older than Pangaea are conjectural in both existence and paleogeography (Reddy and Evans, 2009 ). Thus, the identification of large segments of Paleoproterozoic continental crust represents significant contribution to the discussion on supercontinent models.
In this study we describe accretion and reworking events in central Brazil and their significance for the development of supercontinent evolution models. A number of good quality geochronologic data produced over the last years resulted in evidence to support new ideas about the Paleoproterozoic crustal growth in central Brazil. Some of the Rodinia reconstruction models suggest that the Amazonian, Rio de la Plata and São FranciscoCongo continents were still separated from West Africa and other African landmasses at around 1.0 Ga and that their amalgamation process occurred during the Brasiliano-Pan African orogeny Based on Bizzi et al. (2003) . (Cordani et al., 2003a,b; Zhao et al., 2006; Fuck et al., 2008) . However, little is known about the constitution and geometry of the large landmasses that existed between c. 2.0 and 1.8 Ga until the formation of Gondwana (Rogers and Santosh, 2002) . Another important point addressed is the presence of juvenile rocks formed at approximately 2.3 Ga, which are quite rare in the geological record (Condie, 1994 (Condie, , 2002 .
In central Brazil, the basement underlying the external domain of the Neoproterozoic Brasília Belt is c. 30,000-km 2 -crust fragment, informally called Cavalcante-Natividade block. It is considered as exposure of the western part of the São Francisco plate (Cordani and Sato, 1999; Cordani et al., 2000; Fuck et al., 2008; Brito Neves, 2011) , which was reworked during the Neoproterozoic Brasiliano Orogeny. Several questions remain unresolved concerning the tectonic evolution of this Paleoproterozoic terrain and will be addressed in this study. Some of these questions are: (i) Does it represent collisional or accretionary orogens? (ii) Are arc systems preserved in this area? (iii) What was the duration of the Paleoproterozoic magmatic events? (iv) What is the relevance of this large terrain for the reconstruction of Paleoproterozoic supercontinents?
In general, only Paleoproterozoic terrains within larger cratons such as the São Francisco and Amazonian cratons are taken into consideration in Paleoproterozoic-Mesoproterozoic supercontinent reconstructions, while smaller crustal segments such as the one investigated here have been neglected (e.g. Unrug, 1996; Condie et al., 2000; Zhao et al., 2006; Reddy and Evans, 2009; Evans and Mitchell, 2011) . One of the basic questions to be addressed refers to the relationship between the CavalcanteNatividade crustal block and the sialic basement exposed in the São Francisco Craton, to the east. The Cavalcante-Natividade block may represent just the continuity of the craton sialic basement rock units or, alternatively, it may constitute an exotic fragment accreted to the western border of the São Francisco Craton during Paleoproterozoic orogenies, or even during late stages of evolution of the Neoproterozoic Brasília Belt.
The main objectives of this work are to investigate: (i) the history of crustal growth of the granite-gneiss complex in order to better understand the pre-Brasiliano crustal evolution of the northeastern sector of the Tocantins Province, (ii) the nature of the western limit of the Paleoproterozoic terrains and their relationships with the juvenile Neoproterozoic rock units of the Goiás Magmatic Arc, to the west.
New conventional U-Pb data of both single and multigrain zircon fractions are presented, along with Sm-Nd whole-rock data from orthogneisses exposed in southeast Tocantins and northeast Goiás, central Brazil. Aditionally, data of zircon grains from three samples analyzed by ICPMS and from two samples analyzed by SHRIMP are also presented.
Geologic setting
The Tocantins Province (Almeida et al., 1981; Marini et al., 1984a,b) in central Brazil is a large Neoproterozoic (BrasilianoPan African) orogen resulting from the convergence and collision of three major continental blocks: the Amazonian continent in the west, the São Francisco-Congo continent in the east, and the Paranapanema block in the south, presently covered by Phanerozoic rocks of the Paraná Basin (Fig. 1) . Minor continental fragments, which might have also been involved in the development of the Tocantins Province, are concealed beneath the Phanerozoic sedimentary rocks of the Parnaíba basin to the north Brito Neves et al., 1984; Fuck et al., 2008) .
Three Neoproterozoic fold belts are identified as the main constituents of the Tocantins Province: the Araguaia and Paraguay belts extend along the eastern and southeastern margins of the Amazonian Craton, respectively, and the Brasília Belt, exposed along the western edge of the São Francisco Craton (Figs. 1 and 2 ). The Brasília Belt extends for more than 1000 km in the N-S direction. It constitutes one of the best preserved and more complete Brasiliano orogens in South America, with thick continental margin sedimentary sequences, ophiolite fragments, a large juvenile magmatic arc, and an important gravimetric anomaly indicative of a suture between the continental blocks involved (Pereira and Fuck, 2005 and references therein). Its main features indicate that the final structural differentiation of the Brasília Belt resulted from the closure of a wide ocean basin during the Neoproterozoic Brasiliano Orogeny (Pimentel and Fuck, 1992; Pimentel et al., 1997 Pimentel et al., , 2000 Pimentel et al., , 2004 Soares et al., 2006) . Therefore, the Brasília Belt provides important information for understanding the processes that led to the assembly of West Gondwana at the end of the Proterozoic (Trompette, 1994; Pimentel et al., 2000 Pimentel et al., , 2004 Valeriano et al., 2008) .
The Brasília Belt can be divided into three major branches: the northern branch, striking in the NNE-SSW direction, is separated from the NNW-SSE striking central-southern branch by the WNW-ESE Pireneus syntaxis Pimentel et al., 2000 Pimentel et al., , 2004  Figs. 1 and 2); the southernmost branch wraps around the southern tip of the São Francisco Craton, striking mainly E-W (Trouw et al., 2000; Campos Neto, 2000; Valeriano et al., 2004 Valeriano et al., , 2008 Campos Neto et al., 2011) . Despite important differences recorded along the belt, several tectonic domains may be recognized (Fuck et al., 1994; Pimentel et al., 2000 Pimentel et al., , 2004 Dardenne, 2000; Valeriano et al., 2004 Valeriano et al., , 2008 . The eastern external zone is a craton-verging fold-and-thrust belt, comprising thick passive margin sedimentary deposits, deformed under very lowgrade greenschist facies metamorphism. To the north, the folded metasedimentary sequences thin out, and large areas of their sialic basement, encompassed in the Cavalcante-Natividade crustal block, are exposed, including granite-gneiss terrains with minor volcano-sedimentary sequences (Figs. 2 and 3 ). The internal western part of the belt comprises: (i) the metamorphic core of the belt, made of the Anápolis-Itauç u granulites, presenting local ultrahigh temperature mineral assemblages, separated by faults from the mainly turbiditic lower grade metasedimentary rocks of the Araxá Group which include small ophiolite remnants, comprising MORB-type ocean-floor metabasalt and serpentinezed peridotite, (ii) the Goiás Massif made of Archean granite-greenstone terrains, Paleoproterozoic orthogneiss largely covered by folded metasedimentary sequences, and mafic-ultramafic layered intrusions and associated volcano-sedimentary sequences of Mesoproterozoic and Neoproterozoic ages, (iii) the Goiás Magmatic Arc, a Neoproterozoic juvenile arc terrain, comprising c. 930-800 Ma old calc-alkaline orthogneiss and remnants of volcano-sedimentary sequences, and younger orthogneiss and supracrustals of continental arc affinity (670-600 Ma), as well as a number of late-to post-orogenic granite intrusions.
The Cavalcante-Natividade crustal block
The Cavalcante-Natividade crustal block (Fig. 2) represents the sialic basement of Late Paleoproterozoic and Neoproterozoic supracrustal sequences in the northeastern part of the Brasília Belt. In the south it is covered by the Late Paleoproterozoic Araí Group (c. 1.77 Ga), which consists of conglomerates, sandstones and bimodal volcanic rocks at the base, forming a typical continental rift sequence, which is followed by a thick pile of shallow marine sandstone, siltstone, pelite and minor carbonate. Bimodal volcanism is accompanied by coeval anorogenic granite intrusions, followed by a younger, c. 1.58 Ma, phase of tin-mineralized anorogenic granite intrusions (Pimentel et al., 1991 (Pimentel et al., , 1999 Pimentel and Botelho, 2001; Alvarenga et al., 2007) . Westwards and southwards Neoproterozoic passive margin sedimentary and metasedimentary rocks forming the fold-and-thrust belt cover the Araí Group and basement rocks. Eastwards, scarce, discontinuous diamictite layers of the Jequitaí Formation (not shown due to scale) and, more commonly, carbonate and fine-grained siliciclastic rocks of the Bambuí Group, both Late Neoproterozoic in age, overlie the basement rocks. Traditionally the western limit of the mostly undeformed Bambuí rocks is taken as the western limit of the São Francisco Craton (Fuck et al., 1994; Pimentel et al., 2000 Pimentel et al., , 2004 Dardenne, 2000; Alkmim, 2004; Valeriano et al., 2008) . In the north the gneiss terrain is covered by conglomerate, sandstone, siltstone and carbonate rocks of the Natividade Group, considered to be equivalent to the Araí Group. Further north and northeast Phanerozoic sedimentary deposits of the Parnaíba and Sanfranciscana basins cover the Proterozoic rocks, including the Cavalcante-Natividade block.
To the west, the Cavalcante-Natividade block is in contact with a narrow strip of gneiss terrain belonging to the Goiás massif through a strike-slip shear zone and the Rio Maranhão thrust further south (Fig. 2) . Southwards, the Serra da Mesa Group amphibolite facies supracrustal rocks cover the Goiás massif basement and wrap around large granite and alkaline intrusions. The depositional age of these supracrustals is not well constrained, although it has been suggested that they might be equivalent to the stratigraphically upper units of the Araí Group (Fuck and Marini, 1979; Fuck et al., 1988; Marques, 2009 ). Between 13 • and 14 • S, the Goiás massif is enlarged and its eastern border is marked by the Cana Brava layered mafic-ultramafic intrusion and associated Palmeirópolis volcanosedimentary sequence (Fig. 3) . Westwards, the massif is in contact with juvenile arc rocks of the Neoproterozoic Goiás Magmatic Arc through a dextral strike-slip shear zone, which appears to merge southwards with the Rio dos Bois thrust fault (Fig. 2) . Both strikeslip faults are ascribed to the Transbrasiliano lineament (Fig. 2) , a continental scale discontinuity extending from Ceará, in northeast Brazil, to Argentina (Schobbenhaus et al., 1975; Fuck et al., 2011) . The northwestern limit of the Goiás arc is marked by another dextral strike-slip fault of the Transbrasiliano lineament, separating it from Paleoproterozoic gneiss and granulite terrains of the basement of the Araguaia belt (Fig. 2) . These terrains include the 2.14 Ga Porto Nacional granulite complex and the Rio dos Mangues complex comprising tonalite and granodiorite orthogneiss dated at 2.12-2.05 Ga, as well as restricted supracrustal sequences (Gorayeb et al., 2013) . A number of granites intruded the basement, some at 2.08 Ga, like the Ipueiras suite, others with ages around 0.55 Ga (Lajeado suite, Gorayeb et al., 2013) .
The rock units forming the Cavalcante-Natividade terrain are poorly known. Most of the area has been investigated only by smallscale surveys (Barbosa et al., 1969; Costa et al., 1976; Araújo and Alves, 1979; Correia Filho and Sá, 1980; Fernandes et al., 1982) . A few areas were studied in more detail, such as Almas-Dianópolis (Costa, 1985; Cruz and Kuyumjian, 1998, 1999; Cruz, 2001) , AlmasConceiç ão do Tocantins (Padilha, 1984) , Cavalcante-Teresina de Goiás-Campos Belos-Nova Roma (Botelho, 1992; Botelho et al., 1995 Botelho et al., , 1998 Botelho et al., , 1999 Alvarenga et al., 1999 Alvarenga et al., , 2007 , Arraias (Campos et al., 2001) , Paranã (Campos et al., 2010) , and Natividade (Gorayeb et al., 1988; Oliveira et al., 2012) . Recently, CPRM (Geological Survey of Brazil) undertook the mapping of the region in 1:250,000 scale. The Gurupi sheet has been completed (Frasca et al., 2010) , whereas the Arraias and Dianópolis sheets are underway. Based on Bizzi et al. (2003) . As far as rock types are concerned, two main domains may be recognized within the Cavalcante-Natividade block. The northeastern part of the block, the Almas-Conceiç ão do Tocantins domain (Cruz, 2001) , is characterized by granite-gneiss associated with supracrustal sequences (Fig. 3) . Amphibole schist, representing basalt flows, including pillowed basalt, sericite and chlorite phyllite, banded iron formation, quartzite, and subordinate felsic tuff form narrow belts striking N-S and NNE-SSW, locally wrapping around granite-gneiss domes, particularly in the northern Almas-Dianópolis area (Costa et al., 1976; Costa, 1985; Cruz and Kuyumjian, 1998; Borges et al., 1998; Kuyumjian et al., 2012) .
Originally this association was interpreted as an Archean granitegreenstone terrain (Costa et al., 1976; Padilha, 1984) . Radiometric determinations by the Rb-Sr method resulted in Archean ages, ranging from 2.5 to 2.9 Ga in rocks collected near Dianópolis (Bernasconi, 1983) . Recently, a felsic volcanic rock sampled in one of these supracrustal belts close to Natividade was dated at 2206 ± 13 Ma (Dardenne et al., 2009) .
Two calc-alkaline granitoid associations were recognized in the Almas-Cavalcante domain (Thomsen and Kuyumjian, 1994; Cruz and Kuyumjian, 1996, 1998; Cruz, 2001; Cruz et al., 2003; Kuyumjian et al., 2012) . The oldest association intrudes the supracrustal rocks and comprises low-Al hornblende-bearing tonalite, trondhjemite, granodiorite and quartz diorite. Foliation is weak in the east, close to the São Francisco craton border, becoming more prominent westwards where banded structures are common. The younger granitoid association comprises high-Al biotite-bearing tonalite and granodiorite, forming several ovalshaped plutons, which intruded both the supracrustal rocks and the older granitoid association. Foliation in the intrusions is weak, being more prominent along the margins of the plutons and along shear zones. Major and trace elements suggest that the parental magma of the hornblende-bearing association is derived possibly from the mantle, whilst the biotite-bearing tonalite and granodiorite intrusions derived from melting of subducted metabasalt (Cruz and Kuyumjian, 1996, 1998; Cruz et al., 2003) . Granitoid rocks with similar mineralogy and geochemistry were recognized in the Conceiç ão do Tocantins area (Thomsen and Kuyumjian, 1994; Kuyumjian and Araújo Filho, 2005) . SHRIMP U-Pb zircon dating yielded ages of 2.2 Ga for both low-Al and high-Al suites, although titanite from the Ribeirão das Areias complex, ascribed to the highAl biotite-bearing suite, was dated at c. 2.45 Ga (Cruz, 2001; Cruz et al., 2003) . Both supracrustal and granitoid rocks were deformed by oblique thrust zones and ductile, mostly right-lateral strike-slip zones (Borges et al., 1999) .
The remaining parts of the Cavalcante-Natividade crustal block, extending from Cavalcante in the south to Arraias, Paranã in the west, and beyond Natividade up to Pindorama do Tocantins in the north, displays basement dominated by peraluminous granitoid rocks. In the Cavalcante-Nova Roma-Campos Belos area, from oldest to youngest, the peraluminous granite association, known as the Aurumina suite (Botelho et al., , 2006 Alvarenga et al., 2007) , encompasses muscovite monzogranite, muscovite-biotite monzogranite, tonalite, biotite syenogranite and tourmaline-bearing leucogranites and pegmatites. Although the peraluminous rock association has been mapped in detail in the Cavalcante-Monte Alegre de Goiás area (Alvarenga et al., 2007) , as well as in Arraias and Paranã and surroundings (Campos et al., 2001 (Campos et al., , 2010 Marques, 2009) , its limits and relationship with the Almas-Conceiç ão do Tocantins domain remain poorly known. However, recent mapping in the Natividade area points to peraluminous granites intruding metaluminous orthogneiss of the Almas-Conceiç ão do Tocantins domain (Oliveira et al., 2012) . Granites of the Aurumina suite are intrusive into graphite-bearing schist and paragneiss of the Ticunzal Formation which is exposed as narrow strips a few hundred meters up to 1-2 km wide (Botelho et al., 2006; Alvarenga et al., 2007) . Syn-to late-tectonic intrusion relationships are indicated by lit-par-lit type structures and other migmatite features, mainly related with metasedimentary inclusions and along the contact with the Ticunzal Formation. Fine-grained graphite lamellae and centimeter-sized graphite-rich nodules interpreted as probable restites are common in the Aurumina granites (Botelho et al., 2006) .
All petrographic facies of the Aurumina suite so far studied display mineral and chemical features, such as igneous muscovite and graphite restite, indicating the peraluminous nature of the granitoids, compatible with the interpretation that they represent synto post-collisional intrusions, derived from crustal melting (Botelho et al., 2006; Alvarenga et al., 2007) .
U-Pb zircon data indicate ages between 2.12 and 2.17 Ga for the Aurumina suite (Botelho et al., 2006) . The younger ages are consistent with the c. 2.1 Ga U-Pb and Pb-Pb ages of cassiterite from the Monte Alegre de Goiás tin deposits and with the c. 2.1 Ga K-Ar ages of muscovite from Sn-pegmatites (Sparrenberger and Tassinari, 1999) , suggesting that the crystallization of magmas and tin-bearing hydrothermal systems are roughly coeval. Granites and tonalites display ε Nd (t) values between −1 and −3 and T DM values between 2.4 and 2.6 Ga, indicating that the peraluminous magmas are mainly derived from or are heavily contaminated with Paleoproterozoic metasedimentary rocks. In the geological context of the Aurumina suite, the Ticunzal Formation is the oldest rock unit (>2.2 Ga) recognized so far, probably derived from the erosion of Paleoproterozoic and possibly Archean sources, as indicated by T DM model ages ranging from 2.5 to 2.8 Ga (Botelho et al., 2006) . According to these authors, the peraluminous nature of the Aurumina suite, its geological and geotectonic relationships with the Ticunzal Formation, the occurrence of migmatites and residual graphite or graphite-bearing xenoliths, combined with the U-Pb and Sm-Nd data, suggest that the Ticunzal metasedimentary rocks are the most likely source of the Aurumina granite magmas.
The peraluminous Aurumina suite is frequently foliated, with foliation and banding striking mainly NNE-SSW, particularly close to shear zones. Exceptions are younger granite and tonalite, which usually display undisturbed igneous textures.
U-Pb zircon ages are not available for the northern part of this domain. However, previous regional-scale geochronological studies based mainly on Rb-Sr and K-Ar data suggest that the whole block is of Paleoproterozoic age (Hasui et al., 1980) . K-Ar ages of c. 1500, 900, 800, and 500 Ma were taken as the result of partial isotopic resetting due to the Late Neoproterozoic Brasiliano orogeny (Hasui et al., 1980) .
The main objective of the present study is to assess time intervals of magmatic events, using conventional TIMS, LA-ICPMS and SHRIMP U-Pb zircon dating of representative samples from the different domains recognized. In addition, Sm-Nd isotopic data are used to distinguish different events of continental crust formation in the basement of the northeast portion of the Brasília Belt. Analytical results are presented in Tables 1a, 1b and 2-4.
2.1.1. Analytical procedures 2.1.1.1. U-Pb. Zircon concentrates were extracted from c. 10 kg rock samples, using magnetic (Frantz isodynamic separator) technique at the Geochronology Laboratory of Universidade de Brasília. Mineral fractions were handpicked under a binocular microscope to obtain fractions of similar size, shape and color.
For the conventional U-Pb analyses, multi-and singlegrain fractions were dissolved in concentrated HF and HNO 3 (HF:HNO 3 = 4:1), using microcapsules in Parr-type bombs. A mixed 205 Pb-235 U spike was used. Chemical extraction followed standard anion exchange technique, using Teflon micro-columns, following procedures modified from Krogh (1973) . Pb and U were loaded together on single Re filaments with H 3 PO 4 and Si gel, and isotopic analyses were carried out on a Finnigan MAT-262 multi-collector mass spectrometer equipped with secondary electron multiplierion counting, at the Geochronology Laboratory of Universidade de Brasília. Procedure blanks for Pb, at the time of analyses, were better than 20 pg. PBDAT (Ludwig, 1993) and ISOPLOT-Ex (Ludwig, 2001a) were used for data reduction and age calculation. Errors for isotopic ratios are 2 .
For ion microprobe and LA-ICPMS analyses, handpicked zircon grains were mounted in epoxy blocks and polished to obtain an even surface. Cathodoluminescence imagery in a scanning electron microscope was used to investigate the internal structures of the zircon crystals prior to analysis.
Before LA-ICPMS analyses, mounts were cleaned by carefully rinsing with dilute (c. 2%) HNO3. Once fully dry, the samples were mounted in a specially adapted laser cell for thick sections, and loaded into a UP213 Nd:YAG laser ( = 213 nm), linked to a Neptune ICPMS at the Geochronology Laboratory of Universidade de Brasília. Helium was used as carrier gas and mixed with argon before entering the ICP. Each analysis was studied and only coherent intervals, with no signals of mixed age data or intercept of secondary phase or fracture, were chosen for final age calculation. Normalization to GJ standard zircon (608.5 ± 1.5 Ma; Jackson et al., 2004) and age calculations were performed using an in-house developed Excel ® worksheet, based on ISOPLOT v.3 formulae (Ludwig, 2003) . 204 Hg and 202 Hg were measured to assess isobaric interference on 204 Pb. Corrections for common Pb were carried out in analyses presenting 206 Pb/ 204 Pb lower then 1000, using the Stacey and Kramers (1975) model at the age of crystallization. Plotting of U-Pb data was performed by ISOPLOT v.3 (Ludwig, 2003) . Errors for isotopic ratios are presented at the 2 level.
Ion microprobe analyses were carried out using SHRIMP I at the Research School of Earth Sciences, Australian National University, Canberra, Australia. Data were collected and reduced as described by Williams and Claesson (1987) and Compston et al. (1992) . Uncertainties are given at 1 level, and final age is quoted at 95% confidence level. Reduction of raw data was carried out using Squid 1.02 (Ludwig, 2001b) . U/Pb ratios were referenced to the RSES standard zircon AS3 (1099 Ma, *206 Pb/ 238 U = 0.1859, Paces and Miller, 1989) . U and Th concentrations were determined relative to those measured in the RSES standard SL13.
2.1.1.2. Sm-Nd isotopic analyses. Sm-Nd isotopic analyses followed the method described by Gioia and Pimentel (2000) and were carried out at the Geochronology Laboratory of the Universidade de Brasília. Whole-rock powders (c. 50 mg) were mixed with 149 Sm-150 Nd spike solution and dissolved in Savillex capsules. Sm and Nd extraction of whole-rock samples followed conventional cation exchange techniques, using Teflon columns containing LNSpec resin (HDEHP-diethylhexil phosphoric acid supported on PTFE powder). Sm and Nd samples were loaded on Re evaporation filaments of double filament assemblies and the isotopic measurements were carried out on a multi-collector Finnigan MAT 262 mass spectrometer in static mode. Uncertainties for Sm/Nd and 143 Nd/ 144 Nd ratios are better than ±0.5% (2 ) and ±0.005% (2 ), respectively, based on repeated analyses of international rock standards BHVO-1 and BCR-1. 143 Nd/ 144 Nd ratios were normalized to 146 Nd/ 144 Nd of 0.7219 and the decay constant used was 6.54 × 10 −12 a −1 . T DM values were calculated using DePaolo's (1981) model.
In our research we analyzed approximately 50 samples of the most representative plutonic rocks, occurring in the area for the Sm-Nd methodology and 11 selected samples for U-Pb geochronology.
Results
The systematic study of Nd isotopes allowed identifying several crustal domains with distinct isotopic signatures separated by large shear zones (Tables 1a and 1b, Fig. 2) . The results will be, therefore, discussed according to this tectonic subdivision of this portion of Tocantins Province: Cavalcante-Arraias, Almas-Conceiç ão do Tocantins, Goiás Magmatic Arc, and Porto Nacional-Ipueiras domains (Fig. 3) .
Almas-Conceiç ão do Tocantins domain
Samples investigated in the present study are from the southwestern part of this domain, between Conceiç ão do Tocantins and Natividade (Fig. 3) . Two different magmatic events are recognized.
The older event took place during the Early Paleoproterozoic and is represented by samples NAT 2 and CONTO-6. Biotite tonalite gneiss (NAT 2) has euhedral, prismatic and clear zircon grains. Analytical points align along a discordia defining the upper intercept age of 2343 ± 11 Ma (Fig. 4C) , interpreted as the best estimate for the igneous crystallization age. Sample CONTO-6 represents deformed granite gneiss. Analytical points taken from clear, long, prismatic, single grain zircon crystals are aligned along a discordia pointing to the crystallization age of 2379 ± 6 Ma (Fig. 4D) . The rocks from this domain are characterized by T DM model ages ranging between 2.5 and 2.6 Ga. ε Nd (t) values range from +2 to close to zero, suggesting considerable input from juvenile sources for continental crust formation. Therefore, the data indicate an Early Paleoproterozoic juvenile magmatic arc event in central Brazil. Although the samples were collected in a relatively restricted area, available geological field data do not allow inferring if they represent a coherent Early Paleoproterozoic sub-domain within the Almas-Conceiç ão do Tocantins domain.
The younger event is apparently the dominant magmatism and comprises hornblende-biotite tonalite intrusions. Tonalite sample NAT 8 shows the age of 2180 ± 12 Ma (Fig. 4E) . Zircon crystals from a coarse-grained foliated biotite granite (sample CONTO 11), located c. 50 km northwest of Conceiç ão do Tocantins, yielded an upper intercept age of 2144 ± 21 Ma (Fig. 4F) . Negative ε Nd (t) values and T DM Nd model ages of approximately 2.5 Ga, indicate that the original magmas assimilated varied degrees of older continental crust.
Remmants of supracrustal belts are a typical feature of the Almas-Conceiç ão do Tocantins area. Samples of metasedimentary rocks from one of these belts exposed close to Conceiç ão do Tocantins have Sm-Nd T DM model ages ranging between 2.7 and 3.0 Ga (Table 2) . Their ε Nd (t) values are negative, approximately −8, suggesting derivation from Archean sialic sources. As mentioned before, a felsic volcanic rock sample from close to Natividade yielded a zircon U-Pb age of 2206 ± 13 Ma (Dardenne et al., 2009) .
Northwards low-grade rocks of the Natividade Group cover orthogneiss and associated supracrustal belts. The age of the cover rocks is not well constrained, but they have been taken as equivalents of the Late Paleoproterozoic Araí Group (Correia Filho and Sá, 1980) , although some workers have suggested possible correlation with the Neoproterozoic Bambuí Group (Hasui et al., 1990) .
Cavalcante-Arraias domain
The Cavalcante-Arraias domain surrounds the Almas-Conceiç ão do Tocantins domain, extending northwards to the vicinities of Pindorama do Tocantins. Westwards it is limited against the Goiás Massif by a right-lateral strike-slip shear zone, which is part of the Transbrasiliano lineament. Southwards it extends from Arraias and Paranã to Monte Alegre de Goiás, Cavalcante and beyond, largely covered by the Araí Group, and disappearing below the Bambuí Group in the east (Fig. 3) . In this domain, peraluminous granitoids belonging to the Aurumina suite are largely dominant (Botelho et al., 2006) .
In the vicinity of Arraias, samples from two generations of peraluminous tonalitic rocks were selected for ID TIMS U-Pb dating. Zircon crystals from biotite tonalite gneiss sample ARRA-5 are reddish elongate prisms. Single-grain analyses of these crystals define a upper intercept TIMS age of 2136 ± 3 Ma (Fig. 4A) , which is interpreted as the best estimate for the crystallization age of the tonalite gneiss protolith.
Sample ARRA-9 is from a less deformed tonalite compared to ARRA-5, apparently belonging to a second event of tonalite intrusion. Analytical results define a discordia with the upper intercept of 2042 ± 12 Ma (Fig. 4B) , interpreted as the intrusion age of this body. All zircon crystals of this sample are red and metamictic grains, showing evidence of strong Pb loss due to later tectonic events at around 600 Ma. Orthogneisses from the western part of the domain, in the Paranã area, are mainly of granodiorite composition, although tonalite and granite compositions are also present. Three single zircon grains of sample PARANÃ 12, a porphyritic biotite granite gneiss, are discordant and yield the upper intercept age of 2170 ± 19 Ma (Fig. 4H) , interpreted as the best estimate for crystallization of the igneous protolith. Samples Paranã 2 and 6 represent fine-grained banded biotite gneiss of granodiorite composition. LA-MC-ICPMS analyses of zircon grains from sample Paranã 2 yielded a concordia age of 2179 ± 11 Ma (Fig. 4I) , taken as the crystallization age of the igneous protolith. LA-MC-ICPMS analytical points for zircon crystals from sample Paranã 6 are discordant, scattered along a discordia line, indicating the upper intercept age of 2183 ± 24 Ma (Fig. 4J) .
The northern part of this domain, extending to Natividade and Pindorama do Tocantins, is made of muscovite-biotite and biotite gneiss, mainly of tonalite to granodiorite composition. SHRIMP analytical data for zircon from tonalite gneiss sample NAT-8 are slightly to moderately discordant and their alignment indicates an upper intercept at 2180 ± 12 Ma (Figs. 4E and 6b), interpreted as the age of crystallization of the igneous protolith.
Our results suggest that the time span of the peraluminous magmatism in the Arraias-Paranã-Natividade area is of about 50 Ma, constrained by zircon U-Pb age data of samples Arra 5 (2136 ± 3 Ma) and Paranã 6 (2183 ± 24 Ma). The exception is sample ARRA 9, dated at 2042 ± 12 Ma, upper intercept of a discordia line of scattered analytical points obtained on metamictic zircon grains, suggesting strong Pb loss at c. 600 Ma, possibly related to the Brasiliano orogeny. All samples analyzed from this domain show T DM model ages between 2.4 and 2.8 Ga and negative ε Nd (t) values, around −3, suggesting reworking of older continental crust or contamination with sedimentary country rocks.
Goiás massif
This domain encompasses basement orthogneiss located in a narrow strip between Jaú do Tocantins and São Valério da Natividade, and beyond (Fig. 3) . The dominant basement rocks are granite-and granodiorite-gneiss, which are overlain by sedimentary rocks of the Proterozoic Serra da Mesa Group in the south. Southeastwards, the Goiás massif encompasses the Mesoproterozoic Palmeirópolis volcano-sedimentary sequence and associated Cana Brava layered mafic-ultramafic complex. To the west, the orthogneiss association is separated from the Neoproterozoic Goiás Magmatic Arc rocks along a dextral strike-slip shear zone that is part of the Transbrasiliano lineament.
Zircon analytical points for granodiorite sample SVAL-2 are concordant to slightly discordant. The discordia upper intercept defines the age of 2143 ± 11 Ma, interpreted as the crystallization age of the igneous protolith. Sample Jaú 6 yielded a concordia age of 2022 ± 14 Ma, taken as the crystallization age of the granite protolith (Figs. 4G and 6a) .
Sm-Nd isotopic results for rock samples from the Goiás massif indicate T DM model ages ranging between 2.04 and 2.85 Ga, and ε Nd (T) values between +2 and −7. Positive ε Nd (T) values between +2 and +0.2 (T DM model ages between 2.3 and 2.45 Ga) suggest that juvenile component took part in the continental crust formation event of the western domain of the NatividadeCavalcante crustal block. However, older T DM model ages and negative ε Nd (T) also indicate reworking of Archean continental crust (Fig. 5) .
Preliminary results from the western part of the domain appear to indicate a somewhat different isotopic signature. T DM model ages between 2.15 and 2.33 Ga have been recorded. North of Jaú do Tocantins, sample Jaú-6 of banded biotite gneiss with pegmatite veins has T DM of 2.04 Ga. Zircon from this sample reveals a U-Pb age of 2022 ± 14 Ma. Work in progress is intended to clarify if the area belongs to a different, younger Paleoproterozoic crustal block (Fig. 4K) .
Goiás Magmatic Arc
The younger ages were found in samples of tonalite gneiss and one intrusive leucogranite from outcrops under the Rio Surubim bridge, some 50 km to the northwest of the town of Santa Rosa do Tocantins. SHRIMP U-Pb analyses of zircon grains of the tonalite gneiss sample (NAT-9A) and of the intrusive leucogranite (NAT-9B) indicate that they crystallized c. 850 Ma ago. Both rocks show prismatic, euhedral, and clear zircon grains (Fig. 4L and M) .
They yield T DM model ages of c. 1.3 Ga. The rocks show positive ε Nd (t) values, characteristic of juvenile island arc source, and very similar to the results for tonalite gneiss from Mara Rosa, within the Goiás Magmatic Arc (Viana et al., 1995; Pimentel et al., 1997) . Thus, these rocks attest to the presence of Neoproterozoic magmatic arc rocks in Tocantins, confirming the extension of the Goiás Magmatic Arc for more than 200 km northeastwards of their original discovery area.
Porto Nacional-Ipueiras Domain
Another crustal block is defined in the Porto Nacional region, where T DM model ages for the basement rocks range mainly from 2.2 to 2.1 Ga. If the 2.15 Ga U-Pb zircon evaporation ages of Gorayeb et al. (2000) are taken as representing an igneous event, a different segment of juvenile crust is identified in this terrain, where ε Nd (t) values range from +1.9 to +3. The Areia granite (PNAC-3), intrusive in the basement rocks, was dated using SHRIMP analysis and yielding an age of 2054 ± 14 Ma, suggesting different periods of Paleoproterozoic magmatism in the area (Figs. 4N and 6c) .
Also, in this block several gneiss samples present T DM model ages varying from 1.89 to 1.49 Ga and extremely negative Nd t values, around −7, attesting that young, Neoproterozoic sources play an important role in the reworked continental crust formation processes. Thus, in the Porto Nacional-Ipueiras domain, different 
Discussion

Geodynamic implications and global correlations
Large cratonic blocks are missing in the Columbia Supercontinent model. These are represented by fragments exposed as basement inliers within younger orogenic belts (Zhao et al., 2006; Reddy and Evans, 2009 ). Generally, the global connections between pairs of cratons are based on the abundances of isotopic ages for deformation, plutonism and juvenile isotopic signatures. These point to periods of enhanced tectonism at 2.1 until 1.8 Ga during the building of the Paleoproterozoic supercontinent (Evans and Mitchell, 2011) . On the other hand, Condie and Aster (2010) suggest that orogenic plutonism age peaks reflect episodicity of the subduction system on local or regional scales, but not on continental scale. In this case, orogenic granitoids are the main source of data for crust formation events in the Paleoproterozoic supercontinent cycles.
The recognition of large crustal Paleoproterozoic fragments in the Tocantins Province is useful for reconstruction models of the assembly of Atlantica. The new U-Pb and Sm-Nd data presented provide new insights in the regional framework of the northern segment of the Tocantins Province, central Brazil, and show that integrated geochronological methods are a useful tool to assess the nature of complex basement areas. The Natividade-Cavalcante crustal block comprises more than 30,000 km 2 , and constitutes a regenerated basement, integrity and continuity of which was broken by Neoproterozoic orogenic events (Brito Neves, 2011).
The isotopic and geochronological data for the basement exposed in the northern part of the Brasília Belt points to a complex geological history during the Paleoproterozoic.
Ga continental crustal growth event
Identification of rocks formed at c. 2.3-2.4 Ga in the Conceiç ão do Tocantins-Natividade area is relevant, since it can be used as an element of correlation and global models of supercontinents. Rocks formed during this time interval are not very common and this time span has been considered frequently as a period of magmatic quiescence, cooling and cratonization of a supercontinent (Condie, 1994) . However, in recent years, magmatic activity at c. 2.3 Ga has been recorded in several continents. Examples are from Laurentia, Canada (Hartlaub et al., 2007) , Africa (Gasquet et al., 2003) , as well as Russia and Finland. Two occurrences were also reported from Brazil. Orthogneisses dated at 2.3-2.4 Ga are the basement of the Brasiliano fold belt in the Médio Coreaú domain, NW Ceará, Borborema Province (Fetter et al., 2000; Santos et al., 2009 ), suggesting some kind of connection between Tocantins and Borborema provinces, which mean link could be the Transbrasiliano lineament.
Also, orthogneiss and supracrustal rocks dated between c. 2.22 and 2.44 Ga occur in the Iriri-Xingu and Bacajá areas of the Amazô-nia Central province in the Amazonian Craton (Vasquez et al., 2008) . Despite the limited knowledge, it can be suggested as a working hypothesis that these terrains where linked somehow in the past, and related to a single crust forming event.
So far no crust segments of Archean age have been identified in the northeastern basement of the Brasília Belt. However, many of the analyzed orthogneiss samples display T DM model ages older than 2.5 Ga, suggesting that recycling of older continental crust material was involved in the building of Paleoproterozoic crust. 
Main magmatic event 2.15-2.2 Ga
The main magmatic event in the Natividade-Cavalcante crustal block is concentrated in the relatively short time interval between 2.2 and 2.15 Ga. This same time frame appears to bracket the main period of Paleoproterozoic crust formation in the South American continent as a whole .
Apparently most of the original granitoid magmas of the studied crustal block were generated by recycling of older continental crust, as inferred from the Nd isotopic evidence. This is particularly the case of the peraluminous granitoids and orthogneisses of the Aurumina Suite in the Cavalcante-Arraias domain (Botelho et al., 2006; Alvarenga et al., 2007) .
To the north of Arraias, calc-alkaline metaluminous granitoids make up most of the Almas-Cavalcante domain. The most striking feature of this domain is the presence of narrow, elongated supracrustal belts wrapped around oval-shaped granite-gneiss domes (Cruz and Kuyumjian, 1996, 1998; Cruz et al., 2003) . The main crust-forming event was dated at 2.2 Ga, as recorded in two calc-alkaline granitoid suites (Cruz and Kuyumjian, 1998; Cruz, 2001; Cruz et al., 2003; Kuyumjian et al., 2012) . Age of the supracrustal belts is not well constrained, although preliminary results indicate that they also formed around 2.2 Ga (Dardenne et al., 2009 ). According to our data, an early Paleoproterozoic event, which took place between 2.3 and 2.4 Ga, is recorded in the Natividade-Conceiç ão do Tocantins area, corroborating preliminary data of Cruz (2001) and Cruz et al. (2003) .
A younger event took place at c. 2.15-2.18 Ga, particularly in the western part of the crustal block. It is also represented by calcalkaline metaluminous granitoids. Part of these Paleoproterozoic rocks displays juvenile isotopic signature, although recycling of older crust material is also recognized in older T DM model ages and negative ε Nd (t) values in several of the analyzed samples. This magmatic event is largely of crustal origin, apparently involving recycling of late Archean crust, with minor addition of juvenile material.
Late Paleoproterozoic 2.0-1.77 Ga
Approximately during 2.0 Ga, a late peraluminous magmatism took place in the Paranã and Natividade area and also in the Jaú area. Extent and meaning of this late event are not well constrained and, therefore, not well understood.
The late Paleoproterozoic (c. 1.77 Ga, Pimentel et al., 1991; Pimentel and Botelho, 2001 ) Araí and Natividade groups, with basal bimodal volcanic rocks and continental rift sedimentary deposits, which grade upwards into thick marine siliciclastic and minor carbonate rocks, cover the Paleoproterozoic gneiss rocks of the Cavalcante-Natividade crustal block. C. 1.7 Ga fluvio-deltaic and marine sediments, associated with bimodal volcanics and intrusions in the Serra do Espinhaç o, central São Francisco Craton and Araç uaí belt, Mantiqueira Province (ref), in the Orós-Jaguaribe belt, Borborema Province (Sá et al., 1991) as well as in Africa are considered as good correlation elements for supercontinent models (Ledru et al., 1994; Brito Neves et al., 2000) .
Conclusions
The few hypothetic connections proposed between cratons in South America do not include the Paleoproterozoic NatividadeCavalcante crust fragment in central Brazil (Cordani, Evans etc.) . Models also suggesting amalgamation of different crustal blocks within the Tocantins Province are derived from Nd isotopes (Fuck et al., 2001) , which indicate the presence of several domains with different isotopic signatures.
Large shear zones and the presence of granulite complexes associated to thrust belts is referred to as the main evidence of collisional suture zones and are considered as the boundaries of different domains. They are associated to geotectonic models based on gravimetric surveys that suggest that the Tocantins Province resulted from collision of different continental blocks, forming a pop-up-type structure (Hasui et al., 1994) .
Two Neoproterozoic domains are well individualized by Nd isotopes in this part of the Tocantins Province. The first one is exposed further to the northwest, beyond the narrow strip of Neoproterozoic arc rocks of the Goiás Magmatic Arc which separates it from the Natividade-Cavalcante block. The other, further to the west is another basement block rather poorly exposed in the area close to Porto Nacional. Paleoproterozoic granite-gneiss terrains (Rio dos Mangues complex) and granulite facies rocks (Porto Nacional complex), underlie the southern portion of the Araguaia belt. The Rio dos Mangues complex was dated at 2.05-2.12 Ga (Arcanjo and Moura, 2000) , whereas the Porto Nacional complex is c. 2.15 Ga (Gorayeb et al., 1988) . Intrusive granites are c. 2.08 Ga. Their ε Nd (t) signature suggests juvenile contribution (Chaves et al., 2003) .
The boundary between the Goiás Magmatic Arc and the Paleoproterozoic crust segments is well marked in a deep seismic refraction experiment that recorded several crustal blocks separated by deep faults, some of which may represent former sutures, suggesting polarity inversion of Neoproterozoic subduction zones during orogeny which led to the building of the Tocantins Province and West Gondwana amalgamation (Soares et al., 2006) . Tables 1a and 1b summarizes all events recorded in the central Brazil continental crust segment described in this manuscript and several hypotheses can be suggested for future research. The Natividade-Cavalcante block shows different types of magmatism in a long-lived Paleoproterozoic crust forming event in the Tocantins Province, which lasted for more than 300 Ma of continuous and episodic pulses. However, there are still some pending questions about the significance of this crustal fragment and its relationship with other cratonic blocks in South America.
In the first hypothetic scenario, all Paleoproterozoic fragments could be an extension of the São Francisco Craton, based mainly on geophysical data. Gravity data suggest a single coherent plate, encompassing the São Francisco craton and the basement of Brasilia belt (Pereira and Fuck, 2005; Assumpç ão et al., 2006; Soares et al., 2006; Valeriano et al., 2004) . Some features that support this idea is the similarity between the Arai and Espinhaç o Paleo-to Mesoproterozoic sedimentary cover and rift related volcanism, and the 1.7 Ga alkaline granite magmatism in both crustal segments. However, other geological evidence seems to point to the contrary. Archean nuclei, aulacogens and a swarm of basic dykes at 1.0 Ga are only present in the São Francisco craton and not in the Tocantins Province. The absence of large occurrences of S-type granite magmatism in the craton, such as represented by the Aurumina suite in the Tocantins Province, is another point of correlation lack.
Another possibility is that the crustal fragments studied here represent the continuity of Goiás Massif block, which is dominantly formed of Archean granite-greenstone terrains (Crixás, Pilar de Goiás, Guarinos, Serra de Santa Rita and Faina) (Jost et al., 2010) , and Paleoproterozoic volcanosedimentary sequences (Ticunzal, Botelho et al., 2006; Campinorte, Della Giustina et al., 2009 ).
Howevwer, there are no geophysical models suggesting such a correlation.
Finally, the Natividade-Cavalcante block could represent an exotic fragment independent of all other Paleoproterozoic crustal segments in central Brazil. The major problem is to loc0ate the boundaries that represent the discontinuity between this block and the other segments, including the São Francisco craton.
In summary, the major conclusions that can be put forward are the following: a) Three crustal blocks of different ages are evident, characterizing juvenile and reworked continental crust segments at 2.4, 2.2 and 2.0 Ga, whereas the major fault zones represent the boundaries of each block. b) Generation of Early Paleoproterozoic continental crust was the principal event recorded in the basement rocks of the Tocantins Province. c) Another important result of this study is the first determination of the boundary between the basement rocks and the Neoproterozoic magmatic Arc in the Tocantins state, already identified by Pimentel and Fuck (1992) in the Porangatu-Mara Rosa region. Notes: All samples were nonmagnetic fractions on Frantz separator at 1.5Å power; e = hand-picked elongate to euhedral grains; L = elongate grains; S = stubby; s = single grain; m = multiple grains. First sample number = ID# of grain. p =prismatic grain, c = clear, r = red, h = honey color. Total U and Pb concentrations corrected for analytical blank. Observed 206Pb/204Pb not corrected for blank or non-radiogenic Pb. Radiogenic Pb corrected for blank and initial Pb; U corrected for blank. Ages given in Ma using decay constants recommended by Steiger and Jager (1977) .
Table 3
Summary of ICP-MS U-Pb zircon data.
Sample f(206)% Th/U 6/4 ratio 7/6 ratio 1s(%) 7/5 ratio 1s(%) 6/8 ratio 1s(%) Rho 7/6 age 1s(%) 7/5 age 1s(%) 6/8 age 1s(%) Conc (%) 
Notes:
All samples were nonmagnetic fractions on Frantz separator at 1.5 amp power; e = hand-picked elongate to euhedral grains; L = elongate grains; S = stubby; s = single grain; m = multiple grains. First sample number = ID# of grain. p =prismatic grain, c = clear, r = red, h = honey color. Total U and Pb concentrations corrected for analytical blank. Observed 206Pb/204Pb not corrected for blank or non-radiogenic Pb. Radiogenic Pb corrected for blank and initial Pb; U corrected for blank. Ages given in Ma using decay constants recommended by Steiger and Jager (1977) . 
Errors are 1-sigma; Pbc and Pb* indicate the common and radiogenic portions, respectively. Error in standard calibration was 0.39% (not included in above errors but required when comparing data from different mounts). a Common Pb corrected using measured 204Pb. b Common Pb corrected by assuming 206Pb/238U-207Pb/235U age-concordance.
